Abstract -The recent systematics of proton-induced fission cross sections is extended to a wider range of target nuclei and incident energies. Reasonable agreement with available experimental data is demonstrated. The extended systematics is employed to generate a data library for use in the CINDER'90 transmutation inventory code.
I. CINDER'90 FISSION DATA NEEDS
The CINDER'90 code 1 is intended for tracking transmutation of nuclides in material. The calculations are deterministic and based on analytic expressions describing the transmutation process. The input data for the code include the initial composition of the material, a user-provided description of the particle flux, and data libraries for nuclear reaction crosssections and radioactive decay. Destruction and production of nuclides beyond the particle and energy limits of the CINDER'90 library must be tallied and supplied as constant loss or gain terms during the irradiation history.
The CINDER'90 code is frequently used in connection with a Monte-Carlo transport code (e.g., LAHET 2 , MCNPX 3 ), which provides the particle flux within the material, as well as the probabilities of production/destruction of nuclides, using nuclear reaction models. Statistical uncertainties of these probabilities are determined by the number of particles tracked. Minor reaction paths may be poorly sampled, even following a large number of particles at a great expense of CPU time. This is the case, in particular, for fission reactions resulting in a wide variety of products. In order to facilitate the use of the CINDER'90 code, calculations with nuclear reaction models have to be replaced by data evaluations and systematics.
The goal of the present work is to develop and validate systematics for proton-induced fission cross sections. The systematics must be capable of giving predictions for reactions involving stable and unstable target nuclei, because the latter may give important contributions to the transmutation process. On the basis of the re-normalized experimental data sets of Refs. 5-7, the following approximation is suggested:
II. FORMULATION OF THE SYSTEMATICS
where σ is the (p,f) cross section (mb), E is the incident energy (MeV), E 0 = 76.3 MeV, and w and σ 0 are parameters that depend on the fissioning system and characterize, respectively, the steepness and the absolute scale of the fission excitation function.
As shown in Ref. 4 , the parameters in the cross-section systematics above 70 MeV vary smoothly with the fissility parameter. This finding can be interpreted as a consequence of the "wash-out" of nuclear structure effects with growing excitation energy of the residual nuclei, which may undergo fission. The fissioning nucleus with sufficiently high excitation energy behaves like a structureless charged liquid drop. Therefore the probability of fission is governed by the fissility parameter that relates the Coulomb and surface energy of the nucleus.
At lower incident energies, structural effects manifest themselves in the fission excitation functions. In particular, as shown in Ref. 6 , the shape of the energy dependence of the fission probability is different for nuclei that are spherical or deformed in the ground state, due to differences in collective enhancement of level density in the neutron emission channel.
Indeed, the parameters w and σ 0 in Eq. (1) do not seem to depend regularly on the fissility parameter only, but include a component that correlates with the shell correction δW gs to the ground-state mass of the fissioning nucleus. Therefore the following systematics is suggested:
where the shell correction δW gs is calculated for the compound nucleus using the systematics of Myers and Swiatecki The predictions of both high-energy and low-energy systematics for proton-induced fission cross sections of 197 Au, 205 Tl, 208 Pb, 206 Pb, and 209 Bi nuclei are shown in Figure 1 together with the experimental data 5-7, 9, 11-13 . In addition, the (p,f) cross section of 202 Hg (the main constituent of natural mercury) is shown as an example of systematics predictions for an unmeasured excitation function.
Overall good agreement is observed between the systematics predictions and the experimental data. The root-meansquare difference between the systematics and the data amounts to 9% for 197 Au, 17% for 209 Bi, and about a factor of 2 for Pb isotopes. Taking into account that, in the latter case, only single data sets with uncertain normalization are available, the agreement seems satisfactory. In all cases, the low-energy and high-energy systematics have a smooth connection; the additional uncertainty of the cross section rising from unsmoothness of the connection does not exceed 7%.
II.B. Extension of the Systematics for Fissioning Systems between 209 Bi+p and 232 Th+p
The systematics of the earlier work σ(E) = P 1 {1 -exp[-P 3 (E -P 2 )]}(1-P 4 ln E), ( 4 ) where P i (i=1…4) are fitting parameters. As seen in Figure 2 , they depend smoothly on the fissility parameter.
As soon as no influence of nuclear structure effects is expected for the considered energy region above 70 MeV (see the previous subsection), it is suggested that the parameter values in the range 33.60 ≤ x ≤ 35.54 are to be found by interpolation of the systematics predictions. On the basis of the data shown in Fig. 2 , the logarithmic interpolation scheme is chosen:
, ln
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where P i (x) are predictions of the systematics of Ref. The following features of the predicted fission excitation functions are seen in Fig. 3 :
• an increase of the fissility parameter leads to higher cross sections for any incident proton energy in the considered region (70 MeV -30 GeV), • the maximum of the excitation function migrates from hundreds MeV to tens MeV as the fissility parameter increases, • the slope of the excitation function after passing the maximum becomes steeper for fissioning systems with higher fissility.
III. CONCLUSIONS AND FURTHER WORK
The systematics of proton-induced fission cross sections is extended to a wider range of target nuclei and incident energies. The extended systematics is employed to generate a data library for use in the CINDER'90 transmutation inventory code. Further work will include a similar effort for neutron-induced fission, and combination of our results with systematics for fission yields. 
